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INTRODUCTION 
Preliminary studies performed during a previous investigation 
at SRI* showed that a modified floppy-disk tape head operating at 
100 kHz is a very sensitive crack detector. For example, tests on 
0.25-in.-Iong fatigue cracks in aluminum produced signals an order 
of magnitude larger than those obtained using a commercial 100-kHz 
coil probe. The floppy-disk probe contains ferrite material, but 
its construction is different from other ferrite-containing eddy-
current probes. 
Specifically, the ferrite material in the floppy-disk probe is 
contained in a nonresonant yoke that is excited by a coil. The 
reluctance of this yoke is low except at a small gap filled with 
glass, which provides strong magnetic leakage fields oriented pri-
marily in the direction of the low-reluctance path. By choosing a 
high-resistivity ferrite, the probe can be placed directly on the 
sample surface, thereby maximizing the probe-to-sample coupling. 
Placement of the modified floppy-disk tape head on an aluminum sur-
face produced a 5-percent change in the probe inductance, which is 
quite substantial. 
To summarize, this type of probe appears to have the following 
advantages when compared to other types of eddy-current probes: 
* A. J. Bahr and J. P. Watjen, "Novel Eddy-Current Probe Development," 
Contract F33615-80-C-5025, Final Report AFWAL-TR-81-4159, SRI Inter-
national, Menlo Park, California (December 1981). 
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• Since the ferrite tends to "guide" and contain the magnetic 
field, most of the available magnetic field is concentrated 
in the gap. The gap geometry therefore primarily determines 
the region of probe-flaw interaction; the effect of the shape 
of the driving coil is secondary. This feature should provide 
improved control of probe sensitivity, spatial resolution, and 
reproducibility of flaw response from probe to probe. 
• Since the "active" part of the probe is nonconductive, it 
can be placed directly on the sample to be tested without 
intervening insulating layers, which tend to reduce and 
spread the applied magnetic field. This feature enhances 
the probe's ability to achieve high sensitivity and spatial 
resolution. 
The potentially high sensitivity and spatial resolution of this 
probe make it an attractive candidate for reliably detecting cracks 
at the edges of holes, drain slots, etc. 
The manufacturing technology for such "guided-field" probes is 
derivable from that used in the manufacture of magnetic recording 
heads, and thus requires relatively little development. For example, 
it should be possible to fabricate various ferrite-yoke shapes using 
casting techniques. A yoke then could be "potted" in a suitable 
material to form a shape appropriate for the geometry of interest 
(e.g., a bolt~~ole inspection probe could be made in the form of a 
"plug" tha t would fit into the hole to be inspec ted). Mul tiple-
yoke configurations are also feasible. 
Although the preliminary tests using a floppy-disk head demon-
strated the feasibility of using this technology for eddy-current 
probes, further work was needed to assess more fully the character is-
tics and capabilities of this type of probe. The objective of the 
work reported here was to provide this assessment. Our approach was 
to test several initial probe designs using flaws in flat plates and 
to compare their.measured sensitivities and lift-off parameters with 
those produced by a conventional coil probe. Our intent then was to 
configure the most promising candidate design as a differential bolt-
hole probe and evaluate it using small electro-discharge machined 
(EDM) slots located inside and at the edges of holes in titanium 
6-4 alloy. However, delays encountered in fabricating the differen-
tial probes prevented us from completing this evaluation. 
EXPERIMENTAL EVALUATION 
There are a number of considerations involved in the design of 
a tape-head eddy-current probe. One of the more important of these 
is the choice of ferrite material. This is dictated by such material 
parameters as permeability, loss, and coercive force, as well as 
material availability. Two common ferrite materials used in 
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floppy-disk subassemblies are nickel-zinc ferrite (Ferroxcube type 
4R6L) and manganese-zinc ferrite (Ferroxcube type 3H7). Nickel-zinc 
ferrite has a permeability of about 1800, while that of manganese-zinc 
ferrite is about 5000. These values apply for frequencies below about 
1 MHz. Above this frequency permeability decreases and losses 
increase. The experiments discussed in this report were all conducted 
at 100 kHz. Besides material parameter considerations, this choice 
of operating frequency also was influenced by the desire to use 
available instrumentation. 
Another important consideration in tape-head probe design is 
the geometry of the gap in the ferrite yoke. One would expect the 
width and length of the gap to have a strong effect on the magnetic 
fringing fields in this region. 
To study the effects of permeability and gap width on flaw 
response, experiments were performed using absolute probes made of 
both the nickel-zinc and manganese-dnc ferrites. The widths of the 
gaps in these probes were varied by grinding small amounts off the 
probe faces in several stages. In this way, since the opposing 
ferrite faces that formed the gap were at angles to each other, it 
was possible to increase the gap widths from tens of micro inches to 
about 0.0025 in. The gap lengths in both cases were 0.006 in. (width 
of the f erri te) • 
These probes were evaluated by scanning them by hand over various 
surface-connected flaws in flat plates of aluminum, TI-6-4, and 
IN-100. Pictorial representations of some of these flaws are shown 
in Fig. 1. The flaw designated C-3 in aluminum is a tight fatigue 
crack, while all the rest are EDM slots. 
The experimental arrangement used to evaluate these single-gap 
probes, along with a schematic representation of the probe, is shown 
in Fig. 1. The phase of the reference signal sent to the phase-
sensitive detector (I/Q box) was adjusted to place the lift-off signal 
primarily in the I channel (horizontal channel). The probe sensiti-
vity then was defined as the maximum amplitude of the flaw signal in 
the Q channel (vertical channel). 
Examples of the flaw and lift-off responses displayed on the 
storage oscilloscope are shown in Fig. 3. It is particularly inter-
esting to note the flaw response produced by slot 3, which is an EDM 
slot 0.100 in. long and 0.010 in. wide. In this case, the maximum 
signal in the vertical channel does not occur when the probe is 
directly over the slot, but rather when the probe is on either side 
of the slot (the probe was held so that the short dimension of the 
gap was parallel to the length of the slot). We believe that this 
behavior is caused by the fact that the magnetic field produced by 
the tape-head probe is concentrated in an area commensurate with the 
size of the slot opening. Hence, the effect of the slot on the probe 
is similar to that produced by lift-off (i.e., the probe signal 
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C-3 SLOT 3 
SLOT T -9 SLOT J-3 
Fig. 1 Sample flaws 
approaches the lift-off signal when the probe is directly over the 
slot. 
Data obtained for two different flaws in aluminum are shown in 
Table 1. These data are the voltages measured in the vertical chan-
nel, and are given as functions of gap width for two probes made from 
the two different ferrite materials mentioned above. Data obtained 
using a commercial coil probe are also shown for comparison. The 
generator voltage was the same for all the measurements (it happened 
to be set somewhat lower than for the photographs shown in Figure 3); 
the reference impedance in the bridge was changed correspondingly 
for each probe so that the measured voltages would be directly 
comparable. 
It is clear from these data that the flaw response does not 
depend on the value of permeability, presumably as long as the per-
meability is large enough to concentrate most of the magnetic field 
in the gap in the ferrite yoke. This result is important because 
it means that small changes in permeability (which might occur, for 
example, as a result of changes in temperature or the ferrite manu-
facturing process) will not have much effect on the flaw response. 
Also, the flaw sensitivity increases as the gap width increases up 
to a gap width of about 0.001 in. Hence, a gap width of 0.001-
0.002 in. appears to be about optimum for this type of eddy-current 
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Fig. 2 Experimental arrangement and geometry for single-gap 
tape-head-like probe 
probe; this is much larger than the gap width normally used in a 
tape head (-0.0001 in.). Finally, we note that for these particular 
flaws the tape-head probes are somewhat more sensitive than the 
commercial probe. 
These absolute tape-head probes were also used to detect small 
EDM slots in flat plates made of IN-100 and TI-6-4. The response 
obtained for slot 1-3 in the IN-100 (see Fig. 1) is shown in Fig. 4. 
This response is remarkable in that it demonstrates a very high 
sensitivity to this very small flaw. In particular, the angle 
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Fig. 3 Response of ~~e-head 4-164-2 to flaws in aluminum 
between the flaw signal and the lile-off signal is about 700 • The 
angle obtained with a conventional coil probe at 100 kHz for such a 
small flaw (flaw depth/skin depth - 0.1) would be expected to be much 
smaller than this. Indeed, we could not detect this slot with our 
commercial coil probe. Again, we specul ate that the unusual behavior 
exhibited by the tape-head probe is due to its ability to concentrate 
its magnetic field in a very small area. 
One unexpected result of these tests was that the response of 
the tape-head probe to a slot in TI-6-4 of about the same size as 
that in 1-3 was about five times smaller than that shown in Fig. 4. 
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Table 1. Comparison of Tape-Head Probe Sensitivities 
(volts) to Flaws in Aluminum (6 = 0.010 in) 
1193 
4-163 (11 - 5000) 4-164 (11 - 1800) Nortec SP-lOO 
Gap Width C-3 Slot-3 Gap Width C-3 Slot-3 C-3 Slot-3 
(in. ) (in. ) 
0.000052 0.30 0.15 0.000074 0.40 0.25 
0.000382 0.50 0.20 0.000278 0.50 0.25 
0.00132 0.55 0.25 0.00132 0.55 0.30 0.50 0.20 
0.00235 0.65 0.30 0.00254 0.60 0.35 
1 V/div 
Fig. 4 Flaw response of tape head 4-163-3 to slot 1-3 in IN-lOO 
Since the conductivities and permeabilities of IN-lOO and TI-6-4 
are nominally the same (we checked this fact with our eddy-current 
probes), we cannot explain this result. One possibility, however, 
is that the EDM process changed the conductivity of the IN-100 in 
the vicinity of the slot.* This possibility would have to be verified 
* O. Buck, private communication 
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by metallurgical analysis; however, such an analysis was beyond the 
scope of the present work. 
During the course of these flat-plate tests we also examined 
the dependence of the flaw response on probe orientation. Two scans 
of a given flaw were made: one with the magnetic field in the gap 
parallel to the long dimension of the flaw, and one with this field 
perpendicular to the long dimension of the flaw. Examples of these 
two types of scans are shown in Fig. 5. The signal trajectories are 
clearly different in the two cases, but the maximum signal in the 
vertical channel is about the same. Hence, probe orientation does 
C-3 
1 V/di v 
GAP FIELD 
PARALLEL 
TO CRACK 
C-3 
1 V/div 
GAP FIELD 
PERPENDICULAR 
TO CRACK 
Fig. 5 Effect of probe orientation on flaw response of tape head 
4-163-3 
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not appear to be a major factor in determining flaw sensitivity. 
This result suggests that the magnetic fringing fields produced out-
side the gap region have significant components orthogonal to the 
field in the gap. 
Further evidence of the extent of the magnetic leakage fields 
produced outside the gap region of a tape-head probe was obtained by 
observing the change in bridge balance as an absolute tape-head probe 
was brought near the edge of a metal sample. Such changes became 
discernible when the ferrite core was about 0.25 in. from an edge. 
This effect is probably caused by magnetic fields that leak from the 
coils wound around the core, but it is generally small and requires 
a high-gain setting to be observed. 
Such edge effects are generally mitigated by using a differ-
ential probe design. We designed and tested two different differ-
ential tape-head configurations.* These configurations each used 
two gaps, but differed in that one generated magnetic fields in the 
same direction in both gaps (symmetric-field probe), while the 
other generated fields in opposite directions (antisymmetric-field 
probe). 
The symmetric-field probe was configured as an E-core with a 
driving coil on each outside leg and a sensing coil on the center 
leg. A schematic diagram of the experimental arrangement used with 
this probe is shown in Fig. 6. This type of probe was expected to 
be most useful for detecting flaws running parallel and close to an 
edge. 
Unfortunately, the flaw sensitivity of this probe proved to be 
quite low. This behavior was traced to an improper design of the 
core. The center leg in this core was bolstered by dielectric 
stiffeners; this prevented the coil wound on the center leg from 
being tightly coupled to the ferrite. 
The anti symmetric-field probe was composed of two C cores whose 
gaps were in-line and side-by-side. The fields in the two gaps can 
be made to oppose each other by simply winding the coils on the two 
C cores properly. A schematic diagram of the experimental arrange-
ment used with this probe is shown in Fig. 7. This gap arrangement 
was expected to be most useful for detecting cracks perpendicular 
and close to an edge. The sensitivity of this probe to the large 
flaws in aluminum (C-3 and slot 3) was about the same as for the 
commercial probe. However, its sensitivity to small flaws in IN-IOO 
* These probes were fabricated for us by TAS Manufacturing Corp., 
San Jose, California. 
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Fig. 6 Experimental arrangement for symmetric-field, two-gap 
tape-head probe 
was significantly better than for the commercial probe. For example, 
this probe had a f1.s.vl sensitivity of 0.15 V to the 0.014-in.-Iong 
EDM slot (1-3) in IN-lOO; the commercial probe could not detect this 
flaw. The antisymmetric-field probe also could detect small edge-
breaking slots down to 0.045 in. in length in a plate of TI-6-4 
(slot T-9 in Fig. 1). Examples of the flaw responses for this probe 
are shown in Figs. 8 and 9. 
Even though this differential probe exhibited good sensitivity, 
it was several times less sensitive than the absolute tape-head 
probes that were tested. One change in the design of the 
antisymnletric-field probe that might improve this situation would 
be to increase the separation between the gaps. The basis of this 
idea is that the opposing nature of the fields in the gaps may force 
a large fraction of the magnetic field in ea~h gap into the air 
around each C core and away from the probe surface. However, time 
did not permit us to evaluate this idea. 
Another possible reason for the lower sensitivity of the differ-
ential probe is that the ferrite material used in this probe had 
higher losses than the materials used in the absolute probes. This 
came about because the custom manufacturer of our differential probes 
EVALUATION OF A NOVEL EDDY-CURRENT PROBE 
LOW- IMPEDANCE B 0----...-----, 
DRIVER AMPLIFIER 
REFERENCE '--_-' 
SIGNAL 
B 
C 
STORAGE 
OSCI LLOSCOPE 
C 
1197 
Fig. 7 Experimental arrangement for antisymmetric-field, two~gap 
tape-head probe 
substituted a material they thought was equivalent to the material 
we specified. This fact was only discovered after the probes had 
been completed. 
The antisymmetric-field differential probe was also configured 
as a bolt-hole probe. The ferrite core was mounted in the fixture 
shown in Fig. 10; unfortunately, the mechanical tolerances achieved 
in this first construction resulted in an intolerable amount of 
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C-3 
0 .5 V/div 
SLOT-3 
0 . 5 V/div 
Fig. 8 Responses of antisymmetric-field probe to flaws in flat 
plates of aluminum 
lift-off, so the probe could not be meaningfully tested. It appeared 
to be possible to correct this problem, but there was insufficient 
time remaining in the project to permit construction and testing of 
another probe. 
The lift-off characteristics of tape-head probes are also of 
interest. One lift-off characteristic is sensitivity, which we take 
to be the amplitude of the signal in the Q channel produced by a 
EVALUATION OF A NOVEL EDDY-CURRENT PROBE 1199 
1-3 
0.5 V/div 
T-9 
0.05 Vjdiv 
Fig. 9 Responses of antisymmetric-field probe to small EDM slots 
in flat plates of IN-IOO and TI-6-4 
small amount of lift-off between the probe and the sample. In 
making this measurement the phase of the reference signal is adjusted 
as described earlier to place the lift-off signal primarily in the 
I channel. Since it is very difficult to position the sensor by 
hand an exact amount above the sample, a piece of Mylar tape was 
used as a spacer. The probe signal was nulled directly on the 
sample and then pulled vertically away from the sample to generate 
a lift-off trace on the storage oscilloscope. The .probe was then 
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Fig. 10 Fixture for tape-head bolt-hole probe 
placed on a 0.006-in.-thick Mylar spacer , and the change in the 
amplitude of the Q-channel signal was noted. This measurement 
process is illustrated graphically in Fig. 11. The measured lift-
off sensitivity is tabulated for several probes and sample materials 
in Table 2. 
Table 2. Lift-Off Sensitivity in Volts at 100 kHz 
Material 
Probe Aluminum TI-6-4 IN-100 
SP-lOO 0.10 ±0.02 0.02 ±0.01 0.02 ±0 . 01 
4-163-3 0.25 ±0 . 02 0.03 ±0 . 01 0.03 ±0.01 
4-164-2 0 . 25 ±0 . 02 0.02 ±0.01 0.02 ±0.01 
Floppy-Disk 0.24 ±0.02 0.05 ±0.01 0.05 ±0.01 
Antisymmetric-Field 0.03 ±0.01 0 . 00 ±0 . 01 0.00 ±0.01 
(Dif f erential) 
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Fig. 11 Illustration of Lift-Off Sensitivity Measurement 
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We see from Table 2 that (1) in general, the lift-off sensiti-
vity is larger on aluminum than on either TI-6-4 or IN-lOO, and (2) 
the eommercial probe is less lift-off-sensitive on aluminum than the 
other absolute probes, but that all the absolute probes have about 
the same lift-off sensitivity on TI-6-4 and IN-IOO. As would be 
expected, the differential tape-head probe exhibits a very low lift-
off sensitivity compared to an absolute probe. We conclude from 
these data that larger skin depths result in lower lift-off sensiti-
vities for the probes tested. 
One final probe characteristic that was measured is called 
"lift-off discrimination." This term refers to the degree to which 
a flaw signal can be distinguished from a lift-off signal. One 
measure of this characteristic is the initial angle between the flaw 
and lift-off signals as observed in an I-Q display (see Fig. 3). 
Typical values of this initial angle for several probes and flaws 
are given in Table 3. For the most part, the lift-off discrimination 
of the tape-head probes is very good. 
SUMMARY AND CONCLUSIONS 
It is clear from the results of this study that tape-head tech-
nology is readily adaptable to the fabrication of both absolute and 
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Table 3. Lift-Off Discrimination Angle in Degrees at 100 kHz 
Aluminum IN-lOO 
Probe 
C-3 Slot-3 1-3 
SP-lOO 35 30 -
4-164-2 55 35 -
4-163-3 55 35 70 
Floppy-Disk 58 50 70 
Antisymmetric-Fie1d 38 25 45 
(Differential) 
differential eddy-current probes. The ability of such probes to 
concentrate their magnetic fields in a small region results in high 
flaw sensitivity and good lift-off discrimination. Furthermore, 
the lift-off sensitivity of these probes does not appear to be any 
greater than that of conventional coil probes. 
The results presented here demonstrate that tape-head probes can 
detect small EDM slots that break the edge of a flat plate. The sen-
sitivty of these probes to EDM slots in IN-IOO was particularly high; 
however, this result may have been due to a change in conductivity 
near the slots caused by the EDM process. 
One of the objectives of this work was to evaluate a differen~ 
tia1 tape-head probe in a bolt-hole geometry. Delays encountered 
in the fabrication of these probes prevented this evaluation from 
being completed in the time allotted. Initial results obtained near 
the end of the project for such probes appeared promising, but 
further work in needed to optimize the differential-probe geometry 
and improve the bolt-hole fixtures. 
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